SUMMARY The inheritance of the apoprotein-E isoprotein polymorphism in man has been studied by pedigree analysis. Alternative genotypes have been identified by the use of isoelectric focusing and two dimensional electrophoresis. A single locus three allele model can account for the inherited differences. In addition to the major bands there are also minor bands which may differ in charge or molecular weight or both, probably owing to post-translational modification. Zannis and Breslow,6 using two dimensional electrophoresis, showed that apoprotein-E isoproteins differed not only in isoelectric point but also in molecular weight. Five major band types Received for publication 24 March 1982. were demonstrated and the presence of minor bands was ascribed to post-translational modification of the major bands. In this system, type III hyperlipoproteinaemia could be clearly distinguished by isoelectric focusing alone. More recently, the same workers, on the evidence from family studies, showed that a single locus three allele model could explain the inheritance of the different isoprotein patterns.
SUMMARY The inheritance of the apoprotein-E isoprotein polymorphism in man has been studied by pedigree analysis. Alternative genotypes have been identified by the use of isoelectric focusing and two dimensional electrophoresis. A single locus three allele model can account for the inherited differences. In addition to the major bands there are also minor bands which may differ in charge or molecular weight or both, probably owing to post-translational modification. Their relative intensity has been compared in alternative categories of patient liable to raised serum lipoprotein concentration and only in hyperthyroid cases is there clear evidence of relative increase of posttranslational activity which is reduced after restoration of the euthyroid state.
Apolipoprotein-E or arginine rich peptide was first shown to be a major constituent of very low density serum lipoprotein (VLDL) by Shore and Shore.' Separation of the apoprotein on SDS PAGE showed a wide band with an approximate molecular weight of 33 000.2 The possible importance of this apoprotein in lipoprotein metabolism was inferred from the increased levels of the apoprotein in the VLDL of patients with type III hyperlipoproteinaemia. 3 Using the technique of isoelectric focusing, Utermann et a14 showed that a number of isoproteins (Apo-E0, El, E2, E3, and E4) were present in the normal population, but in type III hyperlipoproteinaemia Apo-E3 and E4 were absent and this was confirmed in further studies. 4 Family studies of first degree relatives of type III probands suggested that absence of these isoproteins in type III hyperlipoproteinaemia was inherited simply. Two autosomal co-dominant alleles, En and Ed, were proposed for the control of the ratios of Apo-E3/ Apo-E2 in heterozygotes and homozygotes. An EivEiv from the linear scan in the ratio of E4 to E8. Such variation in major bands may arise from several causes. Firstly, in some heterozygotes there may be variation in the two major bands, with only minor variation in the post-translational products .  Fig 2(f) presents an example of this kind. Secondly, the relative concentration of post-translational products of apparently higher molecular weight differs in some subjects . Fig 2(c) and (i) show two dimensional Apo-E patterns from different subjects with the EIIIEIII genotype. In the latter case the relative concentration of the higher molecular weight peptide is enhanced. Thirdly, there may be variation in relative concentrations of post-translational products of apparently the same molecular weight .  Fig 2(g ) and (h) show Apo-E patterns from a single person sampled on different dates (see below). We can find no evidence that such differences are derived from alterations in procedure since repeated electrophoresis on the same VLDL sample, processed at different times, led to almost identical patterns while, in most cases, Apo-E patterns in samples taken from the same person at different times gave rise to very similar patterns. Also, Apo-E separated from different lipoprotein fractions, IDL (intermediate density lipoprotein) and LDL, gave rise to patterns very similar to those produced by Apo-E of VLDL origin for a given subject.
The causes of such variation are obscure. However, incubating VLDL with neuraminidase for 2 hours simplifies the Apo-E pattern by shifting the isoproteins of higher molecular weight to the same isoelectric point as the major band in homozygotes, although the first post-translational isoprotein of the same apparent molecular weight remains unaffected by this treatment. Zannis and Breslow1" have provided similar evidence on lyophylysed VLDL. Thus, an apparent molecular weight difference accompanied by charge difference may result from addition to the major peptide of one or more carbohydrate chains containing a terminal sialic acid residue.
However, neuraminidase treatment does not appear to alter the relative concentration of the particular isoprotein with the same apparent molecular weight as that of the single major band. It is possible that it may originate via an alternative post-translational pathway. Zannis and Breslow" failed to affect it with either neuraminidase or acid or alkaline phosphatase and so it is unlikely that carbohydrate change or phosphorylation are respon- (I) Deviation from controls 7-8* (2) Pre-treatment-posttreatment (n = 4) 7.0* *indicates significance of deviation from control average (1) or from nil difference (2) sible for the origin of this particular isoprotein. On the other hand we have noted a change in its relative concentration in hyperthyroid patients . Fig 1(g isoprotein system in man. 
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